The unexpected importance of high energy spin effects and the success of the 12 GeV Argonne ZGS in jumping many intrinsic and imperfection depolarizing resonances suggests that polarized proton acceleration should be tried at higher energy. The 1977 Ann Arbor Workshop concluded that it might be possible to jump depolarizing resonances in strong focusing synchrotrons.
Introduction
A two-week study was held at Brookhaven during July 1978 to investigate polarized proton acceleration at the AGS and1to produce a preliminary design and a cost estimate.
The Brookhaven study discovered no new problems which cannot be solved. We prefer a polarized proton ion source of the H type, which could yield pulses of 75% polarized H-ions with an intensity of 10-100 kJA and a length of 1 to 3 ms. Upon injection this would result in an AGS intensity of 3 x 1010 to 1012 polarized protons per pulse which, together with the 2 sec repetition rate and the high extraction efficiency of the AGS, would yield an extracted beam intensity 5 to 150 times larger than that of the ZGS. Twelve new pulsed tune-shift quadrupoles will be necessary to jump the intrinsic resonances while the existing 96 correction dipoles can be used to tune out the imperfection harmonics. Most of the polarization monitors necessary are simply extensions of existing polarimeters; however, a fast internal polarimeter with an associated thin internal target would be useful for rapid tuning during the acceleration cycle. With these modifications it should be possible to accelerate polarized protons through the Although the cost and complexity of both types of PIS's (H+ or H ) are about the same, their relative value per microampere of beam current is quite different. Present thinking at BNL is that 2 mA of H-current from the linac will, with charge exchange injection, produce the same circulating intensity in the AGS as 65 mA of H+ (1013 p/p). Thus, the 5 .LA of H-t presently available with a Cs°H-PIS will produce more beam than the 100 iA of H++ presently available. With H+ injection the best one might hope for is circulating beam of 2-3x0l0l pt/p, while with H-the expected intensity range is 3xlOl to 1012 pt/p or even more if the H-source can produce milliampere currents.
If the AGS is given a polarized beam capability, it might be converted to H-injection for both its unpolarized and polarized operation. Ion sources capable of producing 25 to 50 mA of linac current exist, so the 250 ps of available linac beam pulse width would still be adequate to operate the AGS at full intensity. To 0018-9499/79/0600-3203$00.75 © 1979 IEEE take advantage of polarized H-injection, however, the linac rf system must be modified to allow beam pulse widths of 1 to 3 ms and a charge exchanging stripper and orbit bump system must be designed and installed.
To summarize, significant and straightforward modifications are required on the injector if the AGS is to be given a polarized beam capability. The utility and flexibility of this facility will be much greater if the AGS is converted to H injection. If H-injection is used and the polarized beam development activity begins in mid 1980, the injector could be ready to provide 10 to 100 LA (H-+) for injection into the AGS by mid 1981. The injected beam polarization would be 75% and rapid spin reversal would be possible.
Depolarization in the AGS Particles undergoing vertical betatron oscillations experience horizontal depolarizing magnetic fields from the quadrupole fields in an alternating gradient synchrotron. The horizontal field frequencies seen by the particle are kP 4 v where k is an integer, P is the machine periodicity and v is the vertical betatron tune. Depolarization can occur during acceleration when the spin precession frequency, y(g/2 -1) yG, becomes equal to one of these frequencies. Thus, the resonances are given by yG = kP ± v "Intrinsic Resonances"
Accelerators also have horizontal imperfection field components of frequency k; thus, resonance will also occur when yG = k "Imperfection Resonances"
Either of these types of resonance may be characterized by an effective strength, e, calcuable from the machine lattice for a given beam emittance.5
The effect of traversing a resonance at a uniform rate, a, was calculated by Froissart and The values for the polarization obtained in Error in PB ± .6%
± .6% ± .8%
Scattering from a metal or CH2 fiber target is dominated by heavy nuclei which reduces the effective analyzing power. This can be eliminated by using a hydrogen gas jet target; however, this gives a factor of about 100 lower luminosity and may require perhaps 25 times more running time to acquire similar precision in the polarization. Since the gas jet is also technically more complex and more expensive, it was not studied in detail during the workshop.
